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Improving the 


Load Factor. 


N the discussion at Liverpool on Mr. W. T. Town- 
end’s essay on ‘‘ The Economics of Electric Power 
Production ’’ (printed in the 1.E.E. Journal, No. 


381, September, 1928), Mr. P. J. Robinson, city 
electrical engineer, whilst agreeing with the author that 
electrie cooking would help to fill up the dips in the load 
curve, pointed out that the use of electricity for domes- 
tic water heating was far more effective in improving 
the load factor. In Liverpool an immersion heater is 
inserted into the existing hot-water tank, with a thermo- 
stat which cuts off the current when the temperature of 
the water reaches 150 deg. F. It is found that the load 
factor of an individual installation of this kind is as 
high as 66 per cent. ; moreover—what is vastly more im- 
portant to the central- station manager—it has been 
Proved by readings taken in a number of houses that 
the demand of the water heater never comes on between 
£.30 and 6 p.m. Hence the Liverpool electricity supply 
department is able to sell electricity for water heating 
(where the house already uses it for heating and cook- 
ing) at 0.5d. per kWh for the first 500 units per 


quarter, and 0.3d. per unit thereafter. In a typical 
case the consumption was about 117 kWh a week, and 
the yearly cost for water heating was £9, or 0.368d. per 
kWh on the average. It should be borne in mind that 
the cost of fuel for water heating, and of labour inci- 
dental to the use of fuel, is saved when electric heating 
is employed. 

Whilst the method of installation above mentioned is 
open to objection, on account of the loss of heat from 
the unlagged tanks and piping commonly met with in 
houses, it has the great advantages of low capital cost 
and ease of installation; and in those fortunate places 
where electricity for water heating is supplied at less 
than $d., a loss.ef even 10 per cent. may actually cost 
less than the capital charges ona new equipment. The 
statement that the water-heating load does not overlap 
the lighting peak is particularly interesting, as appar- 
ently in Liverpool no attempt is made to control it by 
time switches. ar other devices. We should be glad to 
learn the experience of other station managers on this 
important point. 
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From the Press reports that reach us 
Sir Hugo Hirst and from correspondence received 


and an through the post we are having occa- 
Empire sional glimpses of the activities of Sir 
Manufacturing Hugo Hirst, Bart., and his colleagues 
Group. on the British Economic Mission which 


is touring Australia. The study of the 
situation is being conducted on the broadest possible 
lines, and the interchange of views that is taking place 
as the Mission passes from centre to centre cannot fail 
to be of benefit to both sides. 

Sir Hugo as the head of a large British electrical 
manufacturing concern having many subsidiary 
companies, employing a very large number of work- 
people, and possessing numerous overseas branches, has 
been able to give first-hand information in one of our 
best markets, and while his actual interests in under- 
taking the journey were, as he says, not directly elec- 
trical, good results may be expected to ensue for the 
electrical and allied interests of this country. Tribute 
must be paid to him for the patriotic spirit which in- 
duced him to leave behind the immediate concerns of his 
business for so long a period at a time which has been 
far from unimportant to the electrical industry, in 
order to bring his knowledge of affairs to bear upon 
great matters of Empire concern. We note that in con- 
veying British greetings to the electrical trade of 
Australia, in a message to the Australian Electrical 
Times, he expresses the belief that the electrical industry 
plays an essential part both in the building up of a new 
land and in the rejuvenation of an old country. 

The members of the Mission on reaching Brisbane 
were the guests of the Queensland Government at a 
banquet, and on this occasion, according to reports 
appearing in the /ndustrial Australian and Mining 
Standard, Sir Hugo Hirst delivered what is de- 
scribed as a notable speech—notable for the reason 
that in it he referred to the possible formation 
of three great manufacturing groups among the 
nations of the world—the British Empire being repre- 
sented by one of these groups. Readers who have been 
following the kaleidoscopic changes which have been 
taking place in industry in this country during the 
past year or so, and especially in recent days, may find 
it of interest to consider these changes in conjunction 
with words which have fallen from Sir Hugo’s lips 
while so far removed from the home situation, though 
doubtless kept closely in touch therewith. He followed 
up some wise words advising the Australian manufac- 
turer against starting in a haphazard way to make 
every commodity, and urging an economic unity 
within the Empire, by informing his hearers that the 
fashion in Europe of every State trying to make itself 
economically independent was infringing the very 
principle of modern industry—mass production, Some 
men, he added, were big enough to think that there 
might result the formation of an economic United 
States of Europe. This would mean that Europe would 
be one group of manufacturing nations; the United 
States of America would represent another group; 
and as England could not submerge herself in one of 
these groups, she had to stand aloof in the hope that 
there would be a third group—the British Empire 
group—which some day would have as big a population 
as any other group. He appealed to Australians to 
consider that idea when they dealt with their own 
problems and not to ignore what was going on indus- 
trially in the world. 

A Melbourne dispatch received this week credits 
Sir Hugo with the announcement that as the outcome of 
Australia’s fiscal policy, his company proposes to estab- 
lish a factory for the manufacture of electrical goods 
in Australia. A newspaper report from the same city 
states that it has become necessary, owing to the task 
of the mission being so extensive, for individual mem- 
bers to take on special investigations. Sir Hugo, for 
instance, left his colleagues in Queensland in November, 
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in order that he might proceed to the southern States 
and report on the manufacturing enterprises established 
there. 


One of the most striking features of 

Electrically: the recent Textile Machinery & Acces- 

driven Textile sories Exhibition held in Manchester, 

Machinery. reported in our issue of November 

30th, 1928, was that all the machinery 
—and the great majority of the exhibits were of running 
machinery—was electrically driven. In every phase of 
textile manufacture the use of electricity is incrcasing. 
It has been estimated that there are now hundreds of 
thousands of electric motors (totalling 2,000,000 h.p.) 
in use in textile factories. As is stated in one technical 
publication, while in the early days of electric driving 
large motors were installed, now small motors are used to 
drive smaller groups of machines, or individual ma- 
chines. The mean horse-power of motors in textile ser- 
vice is now only one-fourth or one-fifth of what it was 
ten years ago. In a number of modern textile factories 
the average power of the motors is as low as 1} h.p., 
and the average for all electrically-driven mills is prob 
ably between 3 and 5 h.p., compared with 15 h.p. four 
or five years ago, and 50 h.p. or so in 1905. 

It must be admitted that there are still textile manv- 
facturers and finishers who, apart from the question of 
capital cost, will not consider conversion to the electric 
drive, and are so conservative that they believe, with- 
out any good reason, that the old type of mill engine 
is the most reliable prime mover for their purpose ; but 
it is gradually being accepted that electricity offers the 
most convenient and efficient means of driving spinning, 
weaving, and finishing machinery, and the recent Er. 
hibition no doubt made many converts to this opinion. 


DespiTs the abuse which is go freely 
levelled at the ‘‘ obsolete’’ tramway 
system by motor-’bus enthusiasts and a 
section of the daily Press, the statistics 
which are summarised on p. 1089 of this issue show 
that it is holding its own. The general tendency is 
towards an appreciable improvement under almost every 
heading—revenue, working expenses, passengers carried, 
car miles, &c.—and the adverse over-all balance has 
been reduced from half a million in the previous year 
to £16,302, a trifle compared with the turn-over of 
nearly 28 millions sterling. The reduction of the ratio 
of expenses to receipts from 82.21 to 79.07 per cent. 18 
particularly satisfactory. The importance of main- 
taining the efficiency and popularity of the service may 
be gauged by the fact that the capital invested and un 
redeemed stands at nearly 58 millions. } 

Railless trolley systems also make a good showing, 
notable advances having been made in the traffic handled 
.and in the results of working; the ratio of expenses to 
receipts fell from 87.28 to 76.99 per cent.—a remark- 
able improvement. It is true that the route mileage 
only rose from 87 to 111 miles open for traffic ; but the 
far greater increase in receipts, passengers carried, and 
car-miles run augurs well for the future of this system, 
and we anticipate that many more undertakings will 
adopt it for the less densely loaded routes, whem the 
rails are approaching the end of their useful life. 


Tramway 
Statistics. 


Tue Review heartily 
‘Christmas, wishes its readers everywhere “A 
1928. Merry Christmas! ’’ It may be said 
that, on the whole, electrical men 
and women have reason ¢o look back upon the 
past year with considerable satisfaction. During 
the next few days, we trust, many of them will 
be ready to spare something for their less fortu- 
nate friends by sending a donation to one of the 
electrical Benevolent Funds, to Miners’ Distress 
Funds, or to the various other helping organisations i# 
which they are more directly interested. 
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New Brimsdown Power 


THE ELECTRICAL REVIEW. 


Station. 


The first section of the new electricity works of the North Metropolitan Power Station 
Co., Ltd., contains five 100,000-lb. boilers, equipped for pulverised-fuel 
firing, and two 25,000-kW turbo-alternators. 


HE North Metropolitan Electric Power Supply 

T Co. had originally two main power statiens, 

one at Willesden in the West of London, and the 

cther at Brimsdown in Enfield. These two stations, 

which are interconnected, normally are run in parallel 
with one another, and the County of 


the new station with auxiliary power, thus keeping the 
old station in running order and in a position to take 
up load in emergency with a reasonable degree of 
expedition. There were two initial difficulties; one 
was the statutory limitation as to the issue of new 


London Electric Supply Co.’s station at 
Barking (connected by two 30,000-V 
underground mains, each capable of 
carrying 15,000 kVA) runs in parallel 
with them. The capacity of the plant 
installed at the two North Met. stations 
ut the end of 1925 was: Willesden, 
24,500 kW, and Brimsdown 23,600 kW. 
The load on the system that winter was 
approximately equal to the capacity of 
the two stations, whilst the demand was 
growing at the rate of 8,000 to 10,000 
kW a year. Permission was therefore 
sought and obtained from the Electri- 
city Commissioners to proceed with the 
first section of the new Brimsdown sta- 
tion, fig. 1, housing two 25,000-kW 
turbo-alternators, together with a boiler 
house containing five units, arranged 
in such a manner that two boilers would 
normally deal with one turbine, the fifth 
boiler remaining as a spare for either of the two sets. 
The completed scheme is planned to consist of three 
such sections. Certain circumstances necessitated the 
station being designed in such a manner that the 
pumping plant could take care of the requisite cool- 


Fig. 2.—Pulveriser Floor; Mills and Indicator Panel. ing and 


‘ng water from any one of the three available sources, 
the River Lea Navigation, the King George Reservoir, 
or cooling towers. 

It is not proposed to run the old Brimsdown station 
at the same time as the new one, but the former will 
be treated as reserve plant. One of the sets in thai 
station, however, will always be running for supplying 


Fig. 1.—Brimsdown Power Station; Pulveriser House on left. 


capital by the Supply Co., and the other was the ques- 
tion of getting the new station into operation as soon 
as possible in view of the growth of the load. The 
financial arrangements were effected by the formation 
of a separate company called the North Metropolitan 
Power Station Co., 
Ltd., for the sole pur- 
pose of building the sta- 
tion and leasing it to 
the supply company. 

A main contract was 
given to Foundation 
Co., Ltd., for the build- 
ings, civil engineering 
work and the steam- 
raising plant. The last 
mentioned was sub-con- 
tracted to International 
Combustion, Ltd. 

The Company’s offi 
eials, Capt. J. M. 
Donaldson, M.C., chief 
engineer, Mr. W. N. C. 
Clinch, power stations 
engineer, Mr. C, A. 
Smeed, chief architect, 
and Mr. A. H. Jenkins, 
chief electrical designer, 
were responsible for the 
major part of the 
general design of the 
steam-raising, generat- 
ancillary 

plant, as well as for 
the structural work. The first section of the plant 
was put into operation in August last. The area of the 
site occupied by the new station and its auxiliaries is 
43 acres. 

Coal is delivered normally from the London and 
North Eastern Railway by means of a branch siding, 
but it can also be obtained from the Lea Navigation. 


OO 
f 
on 


The coal as it enters passes over a weighbridge, and 
the trucks are tipped by an automatic side tippler into 
a hopper, from whence the coal is carried by means of 
a tray conveyor to a point where it may be discharged, 
either on to an endless-belt conveyor for stock, or to 
a magnetic separator and through a crushing ma- 
chine to one of two bucket conveyors, which carry it 
to raw-coal bunkers at the top of the pulveriser house. 


Fig. 4.—Boiler Operating Floor, 


The belt conveyor can also be used for taking the 
coal back to the bunkers, when the coal is placed on 
the conveyor by means of an electrically-operated jib 


crane. .The total capacity of the coal store is 20,000. 


tons. The coal-handling plant is depicted in fig. 

The pulveriser house is a lofty structure, the top of 
which is formed by the raw-coal bin. 
The coal passes down from the bin 
through a weighing machine, either 
direct to the pulveriser or through a 
pair of driers. The drying is effected by 
means of live steam from the station. 
There are at. present three pulverising 
mills, each having a capacity of about 
15 tons per hour. The powdered coal is 
brought back into cyclones by means of 
exhausters which, however, do not 
handle the fuel itself. It then enters one 
of two screw conveyors, which carry 
it to one of three ‘‘ Fuller-Kinyon ’’ 
pumps; these are really coal-transport 
devices consisting of a screw working 
under air pressure. Each pump has a 
capacity of 40 tons per hour, and the 
auxiliary air is supplied by two air com- 
pressors. Two pipes convey the 
powdered fuel from the pumps to the 
bunkers immediately above the boilers. 
There are five of these bunkers. A 
special switchboard diagrammatically 
indicates the passage of the powdered 
coal to each of the bunkers in turn. The 
transmission pipes are at present under- 
ground, but they will eventually be 
carried overhead to a point in the middle 
boiler house, and then in either direc- 
tion to the existing boiler house on the 
south and the third boiler house on 
the north. Fig. 2 is a view in the 
pulveriser house, showing portions of the switchgear and 
mills, and the indicator panel. 

The powdered fuel from the bunkers falls into a 
feeder system consisting of four duplicate feeders 
serving eight burners of the Lopulco type. The com- 
bustion chamber is a very large one extending right 
down to the ground level, including the ash pit, and ‘t 
is partly lined with water tubes on the sides, with a 
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water screen above the pit, while the back part con- 
sists of a radsant-heat superheater. The gases from 
the boiler pass first through an economiser and then 
to an air heater on their way to the chimney stack. 
There are two stacks; one deals with two boilers and 
the other with three. 
The boilers have each a normal capacity of 
100,000 Ib. per hour, the steam conditions being 325 |b.; 
sq. in. and 750 deg. F. The boilers are, 
however, capable of evaporating 125,000 
lb. per hour under overload conditions. 
The ash is discharged into a sluicing 
~ system in the boiler-house basement, and 
is conveyed to a settling tank from which 
the water is pumped back and used 
again. The ashes are extracted from the 
tank by means of an overhead runway 
and grab, and taken away either by cart 
or by rail. The boilers and powdered- 
fuel transport system were supplied by 
Messrs. Babcock & Wilcox, Ltd., and the 
ash-handling plant was supplied by the 
Underfeed Stoker Co., Ltd. Fig. 3 is 
a view of a part of the boiler operating 
floor, showing the starters, control in- 
struments, and so on. 
-- The turbine house contains at present 
two 25,000-kW turbo-alterrators, 3,000 
r.p.m. (see fig. 4), supplied by Messrs. 
C. A. Parsons & Co., Ltd., together with 
certain feed pumps and _ auxiliary 
apparatus, switchgear, and the like. It 
is served by means of a spur from the 
railway siding, which passes alongside the outdoor 
33,000-V switchgear. An 80-ton Morris crane spans 
the turbine room. A noticeable feature is that the base- 
ment_is very light, as there is no chequer-plate flooring 
above, eXteptathe passage-ways around the .two sets 
and communicating With the control room.” 


-—Turbine Room; 25,000-kW Turbo-alternators. 


The turbines each have two cylinders, high-pressure 
and double-flow low-pressure, in one line. The h.p. 
cylinder is arranged so that only one-third of the steam 
supplied passes through the |.p. blading of that end of 
the turbine. Steam is led off before this blading is 
reached to the l.p. cylinder. The exhaust steam from 
the l.p. end of the h.p. cylinder is taken into a con: 
denser where half the steam from the I.p. cylinder 
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is also exhausted. The remaining steam is taken into 
a smaller condenser. These condensers, therefore, 
present the unusual feature of being of different sizes, 


Fig. 6.—The Control Room. 
the former, of course. 
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as is known, direct generation at this pressure has 
never been carried out before—at least, not on so large 
a scale, 

The first section of the station will rely on cooling 
water taken from the Lea Navigation alongside. The 
inlet is at the extreme north end of the site, and there 
are stop posts to prevent river craft entering and 
screens for dealing with the large débris which occa- 
sionally comes down the river. The inlet is connected 
by a 6-ft. underground tunnel, parallel with the river, 
which emerges at the screen pit just north of the pump 
house, where four screens of the revolving-band type 
are installed, each handling the water for one pump. 
There is a spray device working on the screens which 
sweeps off the accumulated débris and returns it by 
an outfall channel into a movable. hopper, which can 
be run along rails to an incinerator. 

There are four pumps, fig. 5, arranged for working on 
two different heads, the lower head for working on the 
river and the higher head for working on cooling 
towers or on the system required for extracting water 
from the King George Reservoir. The lower speed is 
485 r.p.m. (260 h.p.), and the higher speed is 585 
r.p.m., obtained by changing the poles of the motor 
(430 h.p.). Each pump is arranged to deal with two- 
thirds of the capacity of one turbine, so that both tu: 
bines can be run with three pumps, with one in reserve. 
One of the railway sidings passes along- 
side what ‘is now the end of the pump 
house, but the latter will eventually be 
extended westwards when additional 
pumps are required, in which case, of 
course, the siding will really pass 
through the centre of the house. Large 
electrically-operated valves inside ani! 
outside the station serve for shutting off 
the individual pumps and pipe lines, 
and also for future arrangements which 
will be neeessary when it may be desir- 
able to work the present sets from cool- 
ing towers. 

The water is discharged through a 
spillway at the south end of the station 
site, and alongside this there is a well 
for obtaining make-up water ; this water 
is stored in a large overhead cencrete 
tank. The main 33,000-V switchgear 


being twice the size of 
the latter. 

One alternator is con- 
nected directly to the 
existing 11,000-V sys 
tem, the second being 
arranged for working 
at 33,000 volts with 
three step-up  trans- 
formers, each of 10,400- 
kVA capacity, in cir- 
cuit. As a matter of 
fact, these transformers 
have not yet been used, 
as Messrs. Parsons and 
Co. eonstructed, in addi- 
tion to the 11,000-V 
machine for the second 
set, a machine wound 
for 33,000 V, the in- 
tention being that the 
11,000 - V machine 
should first be put in 
service and, at some con- 
venient time, changed 
over to the 33,000-V 
alternator. Time, however, did not permit of this double 
change taking place, and therefore the station was 
started up with the 33,000-V machine in the first place, 
and has been running since in that manner. As far 


Fig. 7.—33,000-V Outdoor Switchgear and Transformers. 


was erected some time before the new station was put in 
hand (E.ectricat Review, October Ist, 1926, p. 527), 
because it was necessary to develop a 33,000-V system 
from the old station, and this system will be continued 
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for further extensions. The change-over of the cables 


from the old to the new station has been almost com- 
pleted, and the whole of the switchgear is operated from 
the control room on the third storey of the office building. 
The switchgear has been in service now for over two 
years and has operated with complete satisfaction. 
Fig. 7 shows the outdoor switchgear and transformers. 


DeceMBER 21, 1928. 


actually installed, and the transformers and the feeder 
connected therewith were treated as one unit, but with 
11,000-V switchgear. The 33,000-V switchgear was 
supplied by Messrs. Ferguson, Pailin, Ltd., and the 
11,000-V gear by Messrs. A. Reyrolle & Co., Ltd. 

The office building, in addition to the large control 
room shown in fig. 6, includes a small secondary-battery 


— 


OLD POWER/7 
/ STATION 


EARTHING 
RESISTANCE 4 


Fig. 8.—Lay-out of Power Station Buildings. 


It will be noted that one of the transformer bays is room for emergency use, and, on the ground floor, the 
not at present occupied, the transformers having been main 11,000-V ironclad switchgear. 

in a temporary position near the old station for facili- Fig. 8 indicates the general lay-out and locations of 
tating the operation of the.plant; indeed, these trans- the buildings, coal stores, switchgear, and so on, and 
formers were placed before the outdoor switchgear was their relations with the earlier installation. 


Textbooks. 


Some guiding hints to authors of technical books on making their writings more 
clear and interesting to the readers. 


By ’RIC. 
PROFESSOR of engineering has called attention 


to the scarcity of clear, really well-written 
technical literature, and his remark will 


the starting of a sentence half-way along and working 
backwards—perhaps with the object of being 
“‘literary.’’ ‘‘ The functioning of this apparatus is, 
remind many of wearisome evenings spent at their text- as far as we can judge, practically perfection itself ’’ is 
books when, instead of working steadily and usefully | more crude than the simple—and grammatical—state- 
on the subjects which should have been interesting ment: ‘‘ We believe this apparatus is nearly perfect.’’ 
enough to them, they wasted valuable time over a few We must go to the professors for lucidity, contrary tv 
pages that were stiff because they were awkwardly, even popular belief, because they have more practice in 
badly, presented. The books that matter are too often speaking and writing than the rest of us, and rarely 
drenched with the rather wretched stuff called ‘‘tech- | waste words, or use them wrongly ; but practice only will 
nical English.”’ not make the perfect writer (when he arrives). He needs 
Someone has said that only an expert can say a thing ene gift as well—that of a perfectly controlled and 
simply, and if simplicity were the criterion, experts had = ordered imagination. Writing to a man is similar to 
been few ; Faraday was one, Sir Oliver Lodge is another, direct speech with him (though easier because you have 
while Ruskin is still supreme, although he worked on more time to think), and in both you must be speaker 
two of the most intricate subjects known. However, the and listener at once, in order to be comprehensible. 
older books are not the only ones that err; for although You must listen through the other man’s ears; that is, 
the new publications are less verbose—that is the trend project yourself into the reader’s position, and listen 
of most modern literature—they still have many faults. critically to your own phrases as you form them. That 
Authors still use very clumsy expressions, and often take = _ means slow going and hard, because he is constantly re- 
tedious ‘‘ short’’ cuts, even when deliberately striving reading, to make sure the last paragraph or sentence fits 
to be concise; also they are painfully, and monoton- in with those preceding it; and re-writing, to unravel 
ously, fond of ‘‘ stock phrases.’’ An example of these the knots that a quick brain and a slow pen like to tie. 
s ‘‘the working off,’’ and so on. Another fashion is Writing may be a nagging. irritating job and 
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thoroughly hard work, if you want to produce a smooth- 
running, finished essay—one that seems to flow from 
your pen, without a hitch or stammer from beginning 
toend. ‘his appears to be the stumbling-block of many 
technical writers; they are ‘‘ practical’’ men who, 
knowing their job and what they want to express, use 
words merely as a means to an end, and get rid of them 
as quickly as possible: their job is engineering—not 
pen-driving, and the student reads for profit—not 
pleasure—so what more can you expect ? 

First, it is an engineer’s function to do everything 
worth doing, well; if you are writing carelessly, with 
no thought of doing any particular good by it, put your 
pen down and stop wasting time ; but if you are honestly 
trying to help, be content with slow and dogged pro- 
gress, and do not despise your ‘‘ means to an end.’ 
You have an equal right with Dickens or Ruskin to ex- 
press yourself—although you lack their gift; you, too, 
have something to say, so give language the best chance 
you can. You hardly expect a turbine to run well if 
you simply let steam flow through it—although your 
interests are at the other end, where the generator is. 

It is the duty to self-respect to do the thing properly, 
but may I suggest that you, the trained expert, owe a 
duty to your readers as well? The German “ don”’ 
who made a habit of bowing to his class explained that 
he never knew what makers of history he might be in- 
structing. That is great humility, but you have more 
need to practise it in far-reaching print than the 
lecturer of a few students at one university. When you 
are putting the experience of a life time into a couple 
of hundred pages, is it not worth while to consider the 
student, who must absorb it in a few hours? He has 
other things to do besides read your particular book, 
and it is really galling to spend precious time over an 
abstruse page, and then find the matter dismissed. 
simply and completely in a paragraph, by someone else. 
That sort of thing soon makes the reader lose faith in 

ou. 

‘ Some have an annoying love of footnotes; a reviewer 
once said that half those of a certain book should have 
been in the text, and that is often true. A multiplicity 
of little ‘‘ indices ’’ which catch the eye and cause it to 
wander to the foot of the page is very distracting. 
especially when they refer to an obscure article or illus- 
tration which has to be hunted for, instead of the num- 
bered page. Cross-references are commendable when 
they really matter, but they are superfluous beyond a 
certain point, and most of those that ‘‘ refer forward ”’ 
could be omitted. The student will naturally look up 
every reference, and if you send him to the middle of 
the book where he will be absolutely at sea, you are wast- 
ing his time. Refer back, when it is necessary, but 
leave him to test his memory by making his own for- 
ward references during second reading. Of course, that 
is only possible if the book is written ‘‘ progressively,’’ 
so that phrases such as ‘‘ we must assume for the pre- 
sent,’’ or ‘‘ at this stage this explanation must suffice,”’ 
do not occur. The book should unravel itself easily, 
with no break in the thread, or kinks that must be 
straightened out later. 

The popular lecturer’s most effective weapon is the 
analogy, but it is unwisely neglected on paper, for an 
occasional reminder that science concerns everyday life 
might save many of the wordy treatises we have to wade 
through. However, at least one book published this 
year—on Economics—does owe much of its real charm 
to analogies, sometimes humorous, always relevant. 
(And as you will object to the word ‘‘ charm,”’ I would 
suggest that if you cannot enjoy a book about your own 
job, something is seriously wrong—either with the book 
or yourself.) Analogies must be used carefully; too 
many spoil the book and make it cheap. Moreover, 
while they take the reader outside his subject, to relieve 
him of mental cramp, they must be to the point; they 
should illuminate obscure passages—like a spot-light— 
and not need to be explained themselves. 

The problem of figures and sketches needs expert 
treatment, but one thing is obvious—neither illustra- 
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tion nor text should depend absolutely upon the other, 
nor either be redundant—either should be understand- 
able alone, but each should be the better for the other’s 
company. That means, among other things, that the 
sketch should be clear, completely labelled, and able to 
speak for itseli—an elementary rule of the drawing 
office that is not always observed, Frequently it is 
necessary to describe apparatus with the aid of refer 
ence-letters linking illustration and text; an alphabet 
of twenty-six perfectly good letters and a dozen Greek 
symbols are available for this purpose, yet in a simple 
description these are duplicated long before the supply 
is exhausted. The letter ‘‘C’’ is peculiarly unfor- 
tunate for some unknown reason, and a confusing array 
of C’s, C,’s, C,’s, &c., is common, As it is easier to 
distinguish E from F than C’ from C’, why not use all 
the alphabet first, and then duplicate if necessary? If the 
drawing is properly labelled, fewer letters will be 
required; moreover, when writing for engineering 
students, surely it is unnecessary to distinguish 
specifically ‘‘ the alternator ‘A’ and the turbine ‘ B.’ ”’ 

Graphs are important, but they are easily spoiled ; the 
curves or axes may not be labelled properly, or too many 
may be crowded into one space. A curve is supposed to 
be a picture of what is happening to a given variable : 
therefore, if figures have merely to be learnt by heart, a 
table is more suitable, but if a curve is helpful, give it 
plenty of room and let it stand out clearly. A one-inch 
square quadrant is of doubtful value. Remember, too. 
that ordinates and abscisse are part of the picture, ani! 
that the scale should suit the problem. 

Examination questions and answers are essential to 
most textbooks, but they need little comment. They 
should not be too elementary—that is, below the stan- 
dard of the book itself—or the student will be given « 
false factor of safety; and the answers to calculations 
should always be given on a separate page at the end. 
It is better for a student to make a ridiculous mistake 
than to avoid it because he has seen the answer. 

The cost of textbooks can only be mentioned here ; the 
problem contains too many unknown factors, and is too 
important to be dismissed in a paragraph. Certainly it 
is unfortunate that a student has to pay a guinea or 
thirty shillings for a book he will ultimately use to the 
world’s benefit, while the ‘‘ great majority ’’—apologies 
to them—may satisfy their craving for thrills with half- 
a-crown or five shillings. The matter needs careful 
study from many points of view; perhaps, some dar, 
even textbooks will be standardised. 

In conclusion, it should be understood that the above 
is an attempt to interest those concerned in a question 
which really does exist ; and it is highly important, not 
only because existing books are tedious and difficult to 
understand, except with unnecessary effort that can be 
more profitably applied, but also because science has a 
rightful claim to the best services of art, and vice versa. 


Oil Switch Tests in France. 


A series of interesting tests of oil switches has re- 
cently been carried out by the French Union des Syndi- 
cats d’Electricité in conjunction with the Compagnie 
Parisienne de Distribution d’Electricité, which placed 
two of the generators at its power station at St. Ouen 
at the Union’s disposal for the purpose of the tests. 
the object of which was to study the phenomena which 
occur on the breaking of circuits up to a capacity of 
120,000 kVA. Eighteen different makes of switches were 
tested under the auspices of the Laboratoire Centrale 
d'Electricité. The two generators in conjunction with 
which. the tests were carried out have each a capacity 
of 12,000 kVA, and are protected by reactance coils. 
The Union is compiling a report on the results of the 
tests, which are said to have produced much useful 
information. 
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: Telephone Line Disturbance. 


Descriptive details of a method, which is of German origin, of reducing the disturbance 
; due to induction in tclezraph and telephone cables that causes 
“cross talk” and “ overhearing.” 


By Dr. A. ENGELHARDT. 


N most countries the postal and railway authorities 
| are to an increusing éxtent cabling their long- 
distance lines, so far as the present difficult 
economic situation permits. Technical as well as finan- 
ciul considerations justify the use of cables as soon as 
the number of junction lines passing along the same 
route exceeds a certain figure. The economic border 
between an open-line route and a cable is so lurgely 
dependent on local and temporary conditions that it is 
impossible to express it in definite figures universally 
applicable; generally, however, the border is reached 
even though the number of junction lines be quite small. 
The insertion of speech amplifiers having proved very 
satisfactory in practice, it is now possible, for even quite 
long distances, to use cable conductors of less diameter 
(diameters of 0.9 and 1.4 mm. are actually used) than 
the minimum diameter required to give open lines the 
necessury tensile strength. The financial benefit thus 
obtained by the use of cables is also accompanied by 
technical advantages of primary importance. The most 
obvious of these are that weather conditions do not affect 
the lines, and the electrical characteristics of the latter 
reinain constant ; furthermore, the lines are not liable to 
mechanical damage due to storms or other circum- 
stances, nor are they so liable to be stolen, or inductively 
afiected by power lines running parallel tothem. On the 
other hand, the close compression of a large number of 
conductors into the given cross section of a cable is more 
liable to cause the individual circuits in a cable to affect 
one another by their mutual induction and capacity 
effects. This difficulty has been further increased by 
the adoption of phantom working in order to make 
better use of the available conductors. 

It is well known that cross-talk is mainly due to capa- 
city, but the inductive effect of the circuits on one 
another must be referred to briefly. As soon as 
the alternating magnetic field due to an alternating 
current in a loop circuit penetrates an adjacent loop 
circuit, it induces a pressure in the latter, even though 
such penetration be only partial. The magnetic field 
increases with the dimensions of the first loop, while 
the extent to which that field will penetrate, and thus 
the amount of induced pressure, will increase as the 
second loop is brought nearer to the first, or as its size 
is increased. Now in a cable the circuits are located as 
closely together as possible, hence the inductive effect 
can only be reduced by decreasing the size of the loops. 
It is thus quite impossible to make use of the single-wire 
telephone circuits with earth return formerly used, and 
single-wire telegraph circuits only prove satisfactory 
when none of the pairs in the cable is used for telephone 
purposes. This is the reason why two-wire working has 
been adopted, each loop circuit consisting of two wires 
evenly twisted to form a twin of small pitch in order to 
reduce to a minimum the size of the loops thus formed. 
The induced side tone effect can be further reduced by 
reverisng the sense of the magnetic field of the line loops 
at the end of each pitch length in the manner hereafter 
described. 

Two loop circuits can be combined to form a phantom 
circuit, the two pairs of twins forming the two side cir- 
cuits being twisted together to form a quad. The dis- 
turbance produced by the two side circuits of a quad on 
any circuit in other quads is usually called ‘‘ cross- 


talk.’’ while the mutual disturbance between the two side 
circuits and the phantom circuit comprised in a single 
quad is termed ‘‘ overhearing ”’ ; but this differentiation 
does not appear to be justified, because neither in cause 


nor effect is there any fundamental difference. For this 
reason both types of interference will hereafter be called 
“‘ cross-talk.’”’ In normal cables, cross-talk is mainly 
due to capacity, so this phenomenon will now be more 
fully considered. 

The paper-insulated cable conductors and the earthed 
lead sheath can be considered to form the coating of a 
multi-leaf condenser. In order that there shall be no 
cross-talk due to capacity, it is necessary that at the 
operating points the two conductors of a side circuit, or 
phantom circuit, be kept at the same potential by distri- 
buting the voltage due to capacity caused by fluctuations 
in voltage of adjacent circuits. If this be done, 
equalising currents will not be caused by the adjacent 
circuit and the telephone receiver of the station con 
nected to the end of the line will be silent. 

Fig. 1 shows the 10 partial capacities in a phantom 
circuit: the two pairs 1,, 1,, and 2,, 2,, forming it 


Fig. 1.—Partial Capacities of a Phantom Circuit. 


are connected by the four wire-to-wire capacities #,, #,, 
2, £,, with which are associated the capacities y, and y,, 
which generally have a higher value; in addition, the 
wires have partial capacities w,, w,, w,, w,, to earth. 
Now cross-talk between the pair 1 and the pair 2 mainly 
depends on the proportion of the wire-to-wire capacities. 
If there be an alternating potential difference between 
the conductors 1, and 1,, a discharge will take place over 
the pair capacity y,, and over the series-connected wire- 
to-wire Capacities z,, z,, and z,, Z,, as well as over the 
station connected to the end of the loop. The potential 
of the conductor 2, (between the potentials of 1, and 1,) 
is determined by the ratio of the drop of potential 
between 1,-2, and 2,-1,; that is to say, by the ratio of 
the impedances of the capacities z, and z,. For in- 
stance, if the impedance of z, be higher than that of z,, 
the greater part of the drop in potential 1,-2,-1, will 
occur in the stage 1,-2,, and the potential of the con- 
ductor 2, (for example, as compared with that of the 
earthed sheath) will approach that of 1,. In the same 
way the ratio z,/z, determines the potential of 2, ; for 
instance, if the impedance of z, be lower than that of 2, 
the potential of 2, will approach that of 1,. Every 
difference in potential between 2, and 2, gives rise to an 
equalising current over the loop 2. Hence, in order to 
eliminate the cross-talk due to capacity, it is necessary 
that z,/z,=2,/2,. Similarly, the side circuit 2 will not 


‘ cause cross-talk in the side circuit 1 when 2,/2,=2,/2,, 


which involves the same condition. 

However, there are two series-connected earth eapaci- 
ties in parallel with the wire-to-wire capacities, hence 
the former help to determine the proportion of the drop 
in potential. Strictly speaking, it would be therefore 
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necessary to take into consideration the cross-talk due 
to the difference in the earth capacities; but to do so 
would extend the present article too much, so the reader 
is referred to Kiipfmiiller’s articles in Elektrotechnische 
Jeitschrift, 1923, No 17 and No. 20, and in the Archiv 
fir Elektrotechnik, 1923, No. 2. 

The conditions necessary to establish complete absence 
of cross-talk between phantom circuits and side circuits 
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Fig, 2.—Cress-talk between Phantom and 2 Side Circuits. 


will now be described with reference to figs. 2, 3 and 4, 
in which are shown only the wire-to-wire capacities z, to 
z, It will be assumed that station (1) transmits an 
alternating current over the side circuit 1,-1,, and that 
station (3) listens for the disturbance induced in the 
phantom circuit. The impedance of the repeating-coil 
windings is low, compared with that of the complex capa- 
city between the wires of a side circuit, and therefore 
the ratios are. mot materially altered when 2, and 2, are 
directly interconnected in order to simplify matters. 
We can imagine the source of disturbing voltage to be 
applied directly to the side circuit 1 ; thus the simplified 
fig. 3 is obtained. 

The voltage impressed between the conductors 1, and 1, 
neutralises itself along equal lengths of wire and over the 
two equal halves of the repeating coil at the end of the 
side circuit 1, as well as over the series-connected parallel 
capacities z,, z, and z,, z,. The middle of the toroidal 
repeating coil, from which is branched off the station in 
the phantom circuit, receives a potential lying exactly 
midway between the potentials of 1, and 1,. In order 
that no equalising current shall flow through the tele- 
phone receiver, it is necessary for 2, and 2, to have the 
same potential; that is to say, the drop of potential 
over the parallel capacities z,, z, must be equal to that 
over #,, z,. In other words, the impedances must be 
equal, or z,+2,=2,+2,. In order to ascertain the 
cross-talk caused by the phantom circuit in the side cir- 


Fig. 3.—Cross-talk from Side Circuit to the Phantom 
Circuit. 


cuit 2, we suppose that station (3) sends an alternating 
current over the phantom circuit 1,, 1,-2,, 2,, and 
station (2) hears the sound induced in the side circuit 2 
(fig. 2). To simplify this, we can directly connect 1, and 
1, without materially altering the existing conditions. 
The reasons for this have been explained already above. 
Thus the affected station can be assumed to he directly 
connected to the side circuit 2 (fig. 4). The voltage 
impressed between 1,, 1, and the point where the repeat- 
ing coil branches off, discharges itself partly over the 


ot 
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left-hand half of the repeating coil, conductor 2, and 
the parallel-connected capacities z,, 2, and partly over 
the right-hand half of the repeating cvil, conductor 2, 
and capacities z,, 2,, apart from the equalising route 
for the phantom circuit at the far end of the line. To 
render the telephone receiver silent at the station con- 
nected to the side circuit 2, the points 2, and 2, must 
have the same potential; that is to say, the drop in 
potential from the middle of the repeating co.] to those 
points must be equal. It has been assumed that the 
resistance of each half of the coil windings and that of 
the conductors traversed by the current are exactly 
equal ; hence the current flowing through the two halves 
must likewise be of equal strength, which entails that the 
total resistance of the two partial loops must be equal ; 
on this account the impedance of the parallel capacities 
Z,, Z, and z,, Z, must also equal one another. Thus in 
order that there shall be no cross-talk it is necessary that 

Similar equations could be obtained for preventing 
cross-talk between the side circuits and the phantom 
circuit of each quad. They can only be simultaneously 
fulfilled when all the four capacities are made equal to 
one another, and in that case, as previously mentioned, 
cross-taik between the two side circuits is also 
eliminated. 

It is possible to make these capacities approximately 
equal to one another during the construction of the 
cable, it being done while the wires are being twisted to 
form twins and quads. However, if the same pitch is 
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Fig. 4.—Cross-talk from Phantom to Side Circuit 2. 


to be used for the three twists needed to form a quad, 
it may happen that wires belonging to different side 
circuits may be so unfavourably placed with respect to 
each other that some of the cable conductors may be at 
a greater distance from one another than at another 
part, and this would give rise to unequal wire to wire 
capacities. Dieselhorst and Martin suggested that this 
defect could be overcome by using a different length of 
pitch for the various twins and quads, because any 
defect would then be neutralised to a large extent 
throughout the entire length of the cable. It is easy to 
almost entirely eliminate the cross-talk if the twisting 
and quadding machines work uniformly during the con- 
struction of the cable. Even in a very quiet room it 
will be impossible to overhear a conversation taking 
place over an adjacent circuit, and the sounds are 
drowned to such an extent that they become imper- 
ceptible. 

If a still greater degree of perfection he desired and 
no sound whatever is to he audible even when the line is 
quiet, the four wire-to-wire capacities can he made equal 
to the largest of any of them by means of three small 
auxiliary condensers in a manner specially devised by 
Messrs. Siemens & Halske. This balancing-out of 
capacity is effected at comparatively short intervais 
along the cable, for example, at each point where a load- 
ing coil is inserted in a cable. It is merely necessary 
that the equalised lengths of cable he so short that their 
electrical condition can be represented by the above- 
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described scheme of partial capacities. If there be only 
physical circuits, and no phantom circuits are formed, 
a single condenser will suffice, as it is merely necessary 
to obviate cross-talk between the side circuits. In the 
first equation, if the ratio z,/z, be greater than z,/z,, 
it will suffice to increase z, or z, by a certain amouni. 
These auxiliary condensers are installed at the 
balancing points by placing them like a girdle round 
the cable and covering them with a watertight lead 
sleeve which is protected by a cast-iron casing (fig. 5). 
It should also be mentioned that cross-talk between 
the phantom circuit and the side circuits can arise when 
there is considerable difference in the resistance of the 
two wires of a side circuit, or of the windings of the 
Pupin coils connected to them ; cross-talk can also occur 
if the inductance is not the same in the two halves of a 
coil. The currents flowing in parallel over the side 
circuit conductors of the phantom circuit from the 
speaking station to the point where the first noticeable in- 
equality occurs, generate the same potential in neigh- 


Fig. 5.—Additional Condensers in Lead Sleeve and Casing. 


bouring points in the two conductors of the side circuit. 
However, the unequal impedance caused thereby pro- 
duces a greater fall of potential in one conductor than 
in the other. Hence there is a difference of potential at 
corresponding points of the two conductors of the side 
circuit, and this gives rise to a discharge current, which 
flows over the station connected to the end of the side 
circuit. Kipfmiller has demonstrated that these 
asymmetries and the remaining magnetic couplings can 
be rendered practically harmless by establishing as 
nearly as possible the working condition of the line when 
balancing by means of condensers (balancing under 
current). 

Of course, there are also capacities and differences in 
capacity between the wires of adjacent quads. The capa- 
city values and their differences, however, are much 
smaller than those within a quad, if the neighbouring 
quads are twisted in opposite directions and a different 
length of pitch is used for each twist when the quad is 
being form-d. For this reason it is hardly ever neces- 
sary to balance out these capacities, even though great 
freedom from cross-talk be required. 

The amount of cross-talk is defined by the attenuation 
in an equivalent line required to reduce the strength of 
the speech currents passing through it to the same extent 
a3 takes place when they pass from the disturbing to the 
disturbed circuit. If current and voltage decrease to 
an n-th part while passing over a line, we say that its 
attenuation amounts to e™ '% "=e; and b=nat. log 
n is called the attenuation constant of the line. Uniformly 
constructed cables generally have a cross-talk b>6. 
There is no difficulty in further increasing this mini- 
mum figure to b=8 by means of an auxiliary balancing 
process, while generally the value for the cross-talk is 
greater than 6=9. These three figures mean that of the 
interfering energy less than 6 millionths, 1/9 millionth, 
and 1/65 millionth, respectively, are transmitted to the 
disturbed loop. 

Zastrow* has indicated to what extent the lead sheath- 
ing and the armouring protect the cable from dangerous 
induced voltages of low frequencies, which emanate 
from parallel running high-voltage lines, such as over- 
head power transmission lines, feeders, and trolley wires 
of electric railways. This protective power rises as the 
self-induction increases and as the resistance of the 
sheathing and the armouring decreases. Except when 


* Stellwerk, 1923, pp. 47 and 48. 
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special forms of construction are employedt, the sheath. 
ing and armouring offer no adequate protection against 
the harmonics and trolley oscillations in power circuits, 
which often lie within the range of audible frequencies 
and by induction disturb telephone circuits. This 
trouble must therefore be overcome by symmetrically 
constructing the telephone cable and twisting its wires 
to cope with the induced high-frequency voltages. The 
main factor is the uniformity of the capacity complex 
between the wires and earth (fig. 1). For the sake of 
simplicity only one pair of wires forming a side circuit 
will be dealt with, and the reader will be able to apply 
the result to a quad. _In fig. 6 the letters a and 6 in. 
dicate a pair of wires running beneath the earthed lead 
sheathing. To simplify the diagram, the lead sheathing 
is indicated by a thick black line located between the 
wires. Within certain limits the distributed earth capa- 
cities between the wires and the sheathing can be 
imagined to form lumped capacities; the figure repre- 
sents such a short cable length. Following on this 
assumption, it will also be assumed that the adjacent 
single earth capacities in the a wire (#,) are equal to 
one another, and that those in the 6 wire (a,) are like 
wise equal. The parallel high-voltage line induces in 
the wires an electromotive force which is equal and of the 
same sign in all of them, and at a certain moment causes 
circular currents ¢ as indicated by arrows. It is essen- 
tial that the drop in voltage 1-3 be precisely equal to 
that in 2-4, because these partial voltages e counteract 
each other in the loop a-b. If this condition be fulfilled 
in all the partial sections, no resulting current will flow 
through the stations across the ends of the loop, and no 
disturbing noises will be audible. The conductors and 
the coils in the sections 1-3 and 2-4 can be assumed io 
have the same resistance; the “‘circular’’ currents 
must be equal if the drop of potentials e be equal. These 
‘‘ circular ’’ currents are induced by the same voltage, 
hence the total resistance of the circuit must be the same. 
Besides having equal conductor (and coil) resistances, 
the two circuits have the same common return (sheath- 
ing, armouring, earth) of low resistance; furthermore, 
the earth capacities (z,) in series in one circuit are 
equal to those (2,) of the other circuit. The required 
uniformity in the total resistance of the circuit there- 
fore gives the equation: 2/z,=2/a, or #,=2,, which 
means that in the short cable gection considered (for 
example, between two loading points of a Pupin cable) 
the earth capacity of the a wire has to be equal to that 
of the 4 wire. In practice, it has been found that in 
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Fig. 6.—Earth Capacities of a Side Circuit. 


cables located in the immediate neighbourhood ef 
electric railways the difference between the two earth 
capacities must not exceed 0.3 per cent. in the loaded 
section if noise is not to be induced in the telephone cir- 
cuits. Such accurate balancing can likewise be attained 
by inserting an auxiliary condenser in order to raise 


+ Such a cable of exceptional construction, having bare copper 
wires inserted under the lead sheathing, was shown by the 
Siemens & Halske A.G. to the German, Austrian, Swedish. 
Norwegian and Swiss experts who assembled in November, 
1923, to inspect the Silesian mountain railway at the invitation 
of the German Weak-Current Commission. The excellent 
results obtained have been described by Dr. Luschen 10 
Fernkabel, No. 6, 1924. Such cables of special construction 
have been installed also in the Arlberg tunnel and been taken 
into use by the Austrian Telegraph Administration. 
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